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Abstract: We calculate the complete tree and one-loop matching of the dimension-six
Standard Model Effective Field Theory (SMEFT) with unbroken U(3)5 flavour symmetry
to the operators of the Weak Effective Theory (WET) which are responsible for flavour
changing neutral current effects among down-type quarks. We also explicitly calculate
the effects of SMEFT corrections to input observables on the WET Wilson coefficients,
a necessary step on the way to a well-defined, complete prediction. These results will
enable high-precision flavour data to be incorporated into global fits of the SMEFT at high
energies, where the flavour symmetry assumption is widespread.
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1 Introduction
Despite the historically impressive performance of the LHC, with massive datasets de-
livered at the highest collision energies ever achieved in a laboratory, an understanding of
the nature of physics beyond the Standard Model (SM) remains elusive. Since the 2012
discovery of a Higgs-like scalar [1, 2] (whose properties continue to look more and more
Higgs-like with increasing scrutiny [3, 4]), the SM has been completed, but the questions
left unanswered by it remain as compelling as ever.
In the face of this uncertainty as to the nature of whatever new physics (NP) underlies
the SM at higher energy scales, it makes sense to remain as agnostic as possible in our
interpretations of the data that is available to us. This will allow us to make accurate
– 1 –
statements which apply not only to the particular theories which are en vogue at the
moment, but also to theories which have not yet been dreamt up. In the interest of enabling
such an agnostic analysis of physics data, the SM Effective Field Theory (SMEFT) (for
a recent review see [5]) is an essential tool. This provides the technology for defining a
basis of interaction types which, under the assumption that h(125) is the remnant of the
electroweak doublet responsible for electroweak symmetry breaking, spans the full set of
possibilities that could be induced by NP when probed below its characteristic energy scale,
which we denote as Λ. An analysis framed in terms of the operators of the SMEFT can be
straightforwardly mapped into constraints on an arbitrary model of heavy NP using the
well-understood technology of amplitude matching, now possible using various automated
tools [6, 7]. The interface between different codes, and translation between operator bases,
is facilitated by the Wilson coefficient exchange format initiative [8].
Many steps toward the implementation of SMEFT as a target for analysis have already
been taken. The appropriate theoretical underpinnings of the SMEFT theory itself have
been developed, notably the determination of a complete basis of operators at dimension-
six [9] and their renormalization [10–12]. Precision electroweak data have been used to
develop fits of the relevant subset of operators that contribute to those observables [13–19].
Loop corrections to very precisely measured and particularly interesting processes have
been calculated [20–32]. LHC searches have also been interpreted in the SMEFT, with
techniques to address the unique theoretical errors inherent in high energy searches for
EFT effects recently developed [33, 34]. Ultimately, all of these contributions will need
to coalesce into a fully global fit of the SMEFT Wilson coefficients and cutoff scale, as
only then will it be possible to truly understand the conservative constraints which can
be imposed on an arbitrary model through matching to the SMEFT and comparison of a
given parameter point to the likelihood associated with all the relevant measurements.
An important source of precise data which should be used as much as possible is the
output of the tremendous effort of the experimental flavour physics community, where
measurements of a vast number of processes have been made, nearly all of which indicate
that the approximate flavour symmetry which is present in the SM must remain very
nearly correct up to scales far higher than we typically expect of NP. Many groups have
studied the implications of the SMEFT for flavour observables and vice versa (e.g. [35–
57]), often focussing on subsets of operators which contribute to particular vertices, or
considering explicitly flavour-violating interactions within the SMEFT itself. Codes also
exist to perform the running above and below the electroweak scale, and the tree level
matching between the SMEFT and the WET [58, 59].
Here, we tackle the problem with a symmetry-led approach. Taking as a starting point
the observation that large flavour violating effects beyond the Standard Model are already
ruled out, but retaining the hope of NP at the TeV scale (which could, for instance, address
the gauge hierarchy problem), we begin from the simple assumption of an exact flavour
symmetry (a particularly strong case of Minimal Flavour Violation [60]), and include in
our theory all operators which are invariant under this. In this article we present the
full tree and one-loop matching between the CP conserving, U(3)5-symmetric SMEFT
at dimension-six and down type flavour-changing neutral current operators in the weak
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effective theory (WET) which arises when the heavy gauge bosons, Higgs boson, and top
quark are integrated out of the theory. Flavour violation is due purely to SM effects in the
CKM matrix describing the interactions of W± bosons with the quarks.
These calculations of the loop effects of flavour conserving operators may be relevant
even in cases where this symmetry is not imposed ab initio, when the tree-level flavour
changing effects are required to be sufficiently suppressed that loop-level contributions from
flavour-symmetric or flavourless couplings become comparable to them. Furthermore, most
global fits to SMEFT coefficients using LEP and LHC data have been performed assuming
this flavour-symmetric paradigm, so exploring this parameter region in detail in the flavour
sector will allow for additional observables to be included in these fits, leading to new and/or
tighter constraints. Finally, this assumption represents a “worst-case scenario” for flavour
searches in the context of roughly TeV-scale NP, so this calculation will give an insight into
the smallest effects we should reasonably expect to see if NP is near the TeV scale.
An additional important feature of this article is its inclusion of the non-trivial effects
of the SMEFT on observables used as inputs to define Lagrangian parameters [14, 61]. In
order to make a physical prediction of an observable in quantum field theory it is necessary
to define all of the Lagrangian parameters of the theory in terms of observables. In the
SM these definitions are so long standing, and the observables used so standardized, that
we have grown used to simply assigning numerical values to the Lagrangian parameters
as though they were measured themselves, but this is not the case. The SMEFT is not
turned on only for “signal” processes and inactive in “input” measurements; its effects on
both measurements must be considered in order to properly predict the sensitivity of any
observable to the Wilson coefficients parameterizing new physics effects.
In the next section, we shall discuss the particular set of interactions that arise in the
flavour-symmetric limit of the SMEFT. In Sec. 3 we lay out our methods and explain how
we fix free parameters in the SMEFT Lagrangian using measurements of input parameters.
Then, in Sec. 4 we present the results of our matching calculation between the SMEFT and
WET, considering in turn direct contributions from new coupling structures in the SMEFT
not present in the SM and contributions from SMEFT effects on the extraction of would-
be SM couplings from experimental input measurements. We conclude in Sec. 5 with a
discussion of the implications and utility of this matching calculation, as well as a mention
of future directions. The input dependence of our results is explained in App. A, where
we provide a separation of the calculation into pieces that are independent of the input
parameters chosen, and pieces that arise purely due to SMEFT effects in input parameter
measurements, given in two different input schemes.
2 Flavour-Symmetric SMEFT
The SMEFT formalism expands upon the structure of the SM by allowing for additional,
non-renormalizable operators. This introduces an additional perturbation series to the
theory, expanding in inverse powers of the energy scale characterizing the new BSM physics,
and an appropriate choice of expansion order must be made for both this new series as
well as the usual series in gauge and Yukawa couplings already present in the SM. In
– 3 –
Group Operators di → djγ di → dj l+l− Meson mixing
1 QG - - -
QW 4 4 -
2 QH - - -
3 QH - - -
QHD 4 4 -
4 QHG - - -
QHW - - -
QHB - - -
QHWB 4 4 -
7 Q
(1)
H` - 4 -
Q
(3)
H` 4* 4 4*
QHe - 4 -
Q
(1)
Hq - 4 -
Q
(3)
Hq 4 4 4
QHu - 4 -
QHd - - -
Table 1. All operators with 2 or fewer fermions that are invariant under CP and the U(3)5 flavour
symmetry. Ticks indicate that they contribute to the FCNC processes we consider. An asterisk (∗)
signifies that the contribution is only indirect, via effects in input parameter measurements.
this article we shall keep only the first non-trivial BSM contribution to the observables
considered, which occurs at order 1/Λ2, where Λ is again the new physics scale.
We choose to work with the Warsaw basis [9] of dimension-6 operators for our calcu-
lations; this basis is particularly well suited to a loop-level calculation as higher-derivative
operators have been systematically removed in its construction, and it is the only basis
whose complete renormalization behaviour is known [10–12]. The full basis is given in the
appendix in Table 3; we shall refer to operators by the names given in that table throughout
the article, and denote the Wilson coefficient of operator Qa as Ca.
We select operators by starting from a U(3)5 flavour symmetry defined as
U(3)q × U(3)u × U(3)d × U(3)l × U(3)e, (2.1)
and under which the SM fermion fields have charges
q ∼ (3, 1, 1, 1, 1), u ∼ (1, 3, 1, 1, 1), d ∼ (1, 1, 3, 1, 1), (2.2)
l ∼ (1, 1, 1, 3, 1), e ∼ (1, 1, 1, 1, 3).
We are considering only the effects of flavour symmetric operators here, meaning operators
which are overall singlets under the U(3)5 symmetry. Many operators are straightforwardly
– 4 –
Group Operators di → djγ di → dj l+l− Meson mixing
8: (L¯L)(L¯L) Q`` 4* 4* 4*
Q
(1)
qq - 4 4
Q
(3)
qq - 4 4
Q
(1)
`q - 4 -
Q
(3)
`q - 4 -
8: (R¯R)(R¯R) Qee - - -
Quu - - -
Qdd - - -
Qeu - 4 -
Qed - - -
Q
(1)
ud - - -
Q
(8)
ud - - -
8: (L¯L)(R¯R) Q`e - - -
Q`u - 4 -
Q`d - - -
Qqe - 4 -
Q
(1)
qu - - -
Q
(8)
qu - - -
Q
(1)
qd - - -
Q
(8)
qd - - -
Table 2. All four-fermion operators that are invariant under CP and the U(3)5 flavour symmetry.
Ticks indicate that they contribute to the FCNC processes we consider. An asterisk (∗) signifies
that the contribution is only indirect, via effects in input parameter measurements.
forbidden from our analysis by this requirement; all the operators of classes 5 and 6 violate
the flavour symmetry ansatz, as do the scalar-scalar interactions in class 8, and the operator
QHud. All operators which are invariant under CP and the U(3)
5 flavour symmetry are
listed in Tables 1 and 2, where we also indicate which down-type FCNC processes are
affected by each operator at one loop.
In the interest of compactness, we define the Wilson coefficients in the SMEFT to be
dimensionful throughout, such that the dimension-six Lagrangian terms are written simply
as
L6 =
∑
a
CaQa. (2.3)
We drop flavour indices throughout our calculation, as our flavour symmetry assumption
leads to the insistence that all the Wilson coefficient matrices in flavour space are identity-
like, with the interesting exception of current-current four-fermion interactions of identical
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currents. Only three operators of that type contribute in our calculation: Qll and Q
(1)
qq
contribute solely in the “off-diagonal” flavour combination which reads δptδrs, and Q
(3)
qq
contributes in both allowed flavour combinations. The Wilson coefficients of the “identity-
like” combination δprδst is denoted here unprimed (C
(3)
qq , C
(1)
qq , Cll), while those of the
“off-diagonal” combinations are primed (C
(3)′
qq , C
(1)′
qq , C ′ll).
In addition to restricting ourselves to the leading-order contributions in the new, EFT
perturbation expansion, we shall also restrict our attention to contributions which arise
at one-loop order (at most) in the SMEFT. Given the flavour assumptions we have made,
there are no tree-level contributions to FCNC processes, with the exception of those arising
from Q
(1,3)
qq . The fact that Q
(1,3)
qq contain two quark currents make these the only oper-
ators that can mediate down-type quark flavour changing currents at tree level – even
if their Wilson coefficients are diagonal in the flavour basis – due to the misalignment
between the up- and down-type quark mass matrices characterised by the CKM. Upon ro-
tating to the mass basis, therefore, interactions of the form VijV
∗
kl(u¯
α
i γµPLd
α
j )(u¯
β
kγµPLd
β
l )
or VijV
∗
kl(u¯
α
i γµPLd
β
j )(u¯
β
kγµPLd
α
l ) (where α, β are colour indices) are induced from these
flavour singlet operators, similarly to the effect of integrating out the W± boson between
two quark currents in the SM. In the vast majority of cases, though, the leading-order
contribution of the SMEFT to FCNC processes starts at one loop under our assumptions.
This is in contrast to the analysis of Ref. [43], in which the SMEFT Wilson coefficients
were considered in more generality, allowing most operators containing down-type quarks
to contribute to di → dj transitions at tree level. Hence Ref. [43] presents loop-level match-
ing results only for operators containing a right-handed up type quark (some of which are
excluded from our analysis since they are not U(3)5 flavour singlets). These differing ap-
proaches ensure that many of the matching calculations presented here are new, but we
compare with and refer to existing results in the literature wherever possible.
In the following we focus on b→ s FCNC transitions for concreteness of notation, but
(since the theory is flavour symmetric) our calculation applies equally well to b → d or
s→ d transitions as well, with the appropriate generation index replacements. Our goal in
performing this calculation is to enable one-loop studies of the effects of flavour-symmetric
SMEFT on down-type FCNC leptonic, semi-leptonic, or photonic decays and ∆F = 2
meson oscillations. We neglect loop-level matching to operators which only affect these
processes via mixing, which leads to an additional suppression.
3 Method and inputs
Before embarking on the matching calculations, a choice must be made about which meas-
urements to use to fix the free parameters of the theory. Measurements of inputs, for
example the Fermi constant GF , may be polluted by the effects of dimension-six operators
in the SMEFT. Other dimension-six operators produce new contributions to the masses
and mixings of gauge bosons and fermions when the Higgs takes its vev. Hence the coef-
ficients of these operators will have knock-on effects wherever the inputs enter into other
calculations. The input choice is especially important in the electroweak sector of the the-
ory, where the presence of the operators QHD and QHWB breaks the usual SM relations
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between the Lagrangian parameters v, g1, g2, sin θ, mW and mZ . These issues have been
discussed at length in the literature (see e.g. [13, 14, 61–63]).
In the main text of this paper, we present our results in a scheme in which the set of
input measurements are {
mˆW , mˆZ , GˆF , mˆt, mˆb, αˆs, VˆCKM
}
. (3.1)
We denote these measured inputs, as well as parameters derived from them via SM rela-
tions, with a hat [61]:
vˆ =
1
21/4
√
GˆF
, gˆ1 = 2 · 21/4mˆZ
√
GˆF
(
1− mˆ
2
W
mˆ2Z
)
, gˆ2 = 2 · 21/4mˆW
√
GˆF ,
yˆt =
√
2mˆt
vˆ
, yˆb =
√
2mˆb
vˆ
, gˆs =
√
4piαˆs. (3.2)
Within our U(3)5 flavour assumption, the mapping from the measured inputs αˆs and
VˆCKM to Lagrangian parameters goes through similarly to in the SM.
1 However, things
are slightly less trivial for the electroweak sector. In this case there are three free Lagrangian
parameters, which we take to be the gauge couplings g¯1 and g¯2, and the electroweak vev
v¯, where the bars indicate that these are SMEFT Lagrangian parameters. Once these
are fixed by solving for the input measurements GˆF , mˆW and mˆZ , they can be written
as the sum of the respective hatted parameters and a shift which depends on SMEFT
dimension-six Wilson coefficients:
g¯1 = gˆ1 + δg1,
g¯2 = gˆ2 + δg2, (3.3)
v¯ = vˆ + δv.
For our choice of inputs, the operators that enter into the shifts δg1, δg2 and δv are CHWB,
CHD, C
(3)
Hl and C
′
ll. Then the procedure for deriving the Feynman rules can be understood
via the following steps:
1. Write the Lagrangian in terms of canonically normalised mass eigenstates, and the
three free electroweak parameters (g¯1, g¯2, v¯)
2. Derive Feynman rules in terms of these three parameters
3. Write the free parameters in terms of measured inputs and the dimension-six shifts
(δg1, δg2 and δv) and substitute them into Feynman rules, consistently retaining
terms of order 1/Λ2
Steps 1 and 2 have been done in Ref. [64], and step 3 can be trivially performed from the
Feynman rules in that reference using Eqns. (3.3), and remembering that the gauge boson
1See Ref. [56] for a more general treatment of the CKM matrix within the SMEFT.
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masses in the SMEFT are2
m2W =
g¯22 v¯
2
4
, (3.4)
m2Z =
v¯2
4
(
g¯21 + g¯
2
2
)
+
1
8
v¯4CHD
(
g¯21 + g¯
2
2
)
+
1
2
v¯4g¯1g¯2CHWB. (3.5)
Since the measured quark masses mˆt and mˆb are taken as inputs, the Yukawa couplings y¯t
and y¯b are affected by the shift δv as
y¯t =
√
2
mˆt
v¯
= yˆt (1− δv) , (3.6)
y¯b =
√
2
mˆb
v¯
= yˆb (1− δv) . (3.7)
All other fermion masses are set to zero in our calculation.3 We provide more explicit
details of the procedure – including the expressions for δg1, δg2 and δv, as well as quoting
our results in a different scheme in which {αˆem, mˆZ , GˆF } are the electroweak inputs – in
App. A.
The WET effective Hamiltonian for ∆B = ∆S = 1 transitions to which the symmetric
SMEFT matches is identical to the WET basis of the SM. This is a consequence of our
flavour symmetry assumption.
H|∆B|=|∆S|=1eff =
4GˆF√
2
[
− 1
(4pi)2
Vˆ ∗tsVˆtb
10∑
i=3
CiOi +
∑
q=u,c
Vˆ ∗qsVˆqb (C1Oq1 + C2Oq2)
]
, (3.8)
with
Oq1 = (b¯αγµPLqβ)(q¯βγµPLsα),
Oq2 = (b¯αγµPLqα)(q¯βγµPLsβ),
O7 = eˆmˆb (s¯σµνPRb)Fµν ,
O8 = gˆsmˆb
(
s¯σµνTAPRb
)
GAµν ,
O9 = eˆ2 (s¯γµPLb)
(
¯`γµ`
)
,
O10 = eˆ2 (s¯γµPLb)
(
¯`γµγ5`
)
. (3.9)
where α, β are colour indices. For the definition of the QCD penguin operators O3,4,5,6
we refer to Ref. [65]. In the SM, C2 receives tree level contributions, while C3−10 are
generated only at loop level. We will find that our flavour symmetry assumption ensures
that a similar matching pattern arises in the SMEFT, although we additionally get a tree
level contribution to C1. As discussed before, we neglect loop-level matching to four-quark
operators, since their effects in these processes is only via mixing and, thus, are suppressed
compared to the direct one-loop matching contributions to C7 − C10.
2For derivations of these see e.g. Ref. [12]
3with the exception of including leading charm mass effects in meson mixing coefficients, for application
to kaon mixing
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Figure 1. Diagrams generating contributions to the 4-quark WET coefficients C1,2 (left) and to
b→ sl+l− (right) from the SMEFT operators Q(1)qq and Q(3)qq .
The WET effective Hamiltonian for ∆B = ∆S = 2 transitions is again identical to the
WET basis of the SM,
H|∆B|=|∆S|=2eff =
Gˆ2F mˆ
2
W
16pi2
(s¯αLγ
µbαL) (s¯
β
Lγ
µbβL)
× (λ2t Cs1,mix(xt) + λ2c Cs1,mix(xc) + 2λcλtCs1,mix(xt, xc)) , (3.10)
where α and β are colour indices, and λi = Vˆ
∗
isVˆib. The coefficients C
s
1,mix are functions
of xi = m
2
i /m
2
W , and only the first term λ
2
t C
s
1,mix(xt) is non-negligible in the case of Bs
(and Bd) mixing. However we include the functions C
s
1,mix(xc) and C
s
1,mix(xt, xc) here –
and quote their values (to linear order in xc  1) in the main text – to allow application
of our matching results via trivial flavour index replacements to kaon mixing, where these
terms are important.
4 Results
In this section we present our results for the matching of the U(3)5 flavour and CP sym-
metric SMEFT theory onto the coefficients of the WET. All WET Wilson coefficients are
at the electroweak scale mW . We define Wilson coefficients in the SMEFT at the arbitrary
scale µ and do not resum the logarithmic divergences of form log
(
µ
mW
)
, leaving them
explicit in our calculation for comparison with the anomalous dimension matrix of [10–12],
with which we find agreement. We separate our results by SMEFT operator, or groups of
similar operators, and we only present non-zero results. Our calculations have been done
in Rξ gauge using dimensional regularisation and we use the MS prescription to remove
divergences. In all cases we have confirmed that the separate contributions calculated here
are gauge parameter independent. Where possible, we compare our results to those ob-
tained previously in the literature. In all diagrams, orange blobs represent insertions of
SMEFT operators, and unlabelled internal fermion lines are u/c/t quarks.
To first order in 1/Λ2, the barred and hatted parameters (e.g. g¯1, gˆ1 as introduced
in Sec. 3) are equal when they are multiplied by a SMEFT Wilson coefficient, so in the
following we simply drop the hats and bars for simplicity. However we emphasise that
the results presented here include the effects of input parameter shifts, and we are taking
{mW ,mZ , GF } as the set of electroweak input parameters, as explained in Sec. 3.
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Figure 2. Diagrams generating contributions to Bs mixing from the SMEFT operators Q
(1)
qq and
Q
(3)
qq .
4.1 Q(1)qq and Q
(3)
qq
These are the only operators in our theory which generate a contribution to the b → s
transition at tree level, shown in Fig. 1. As mentioned in Sec. 2, there are two ways of
contracting the quark doublets to make a flavour singlet in both operators, so we can define
four independent Wilson coefficients, C
(3)
qq , C
(3)′
qq , C
(1)
qq and C
(1)′
qq , within our U(3)5 invariant
theory.
The contribution to the coefficients of the 4-quark WET operators O1 and O2 is
C1 = v
2(C(3)′qq − C(1)′qq ), (4.1)
C2 = −2v2C(3)qq . (4.2)
Contributions to C9 and C10 are generated by the second diagram of Fig. 1. We find
C9 = −v2C(3)qq
(
8
9
+
xt
2
1− 4s2θ
s2θ
)(
1 + log
m2t
µ2
)
+ v2Nc(C
(3)′
qq − C(1)′qq )
(
4
9
+
xt
4
1− 4s2θ
s2θ
)
log
m2t
µ2
, (4.3)
C10 =
1
2
1
s2θ
v2C(3)qq xt
(
1 + log
m2t
µ2
)
− Nc
4
1
s2θ
v2(C(3)′qq − C(1)′qq )xt log
m2t
µ2
. (4.4)
where Nc = 3 is the number of QCD colours. These operators also generate contributions
to Bs mixing from the diagrams in Fig. 2. These give
Cs1,mix(xt) = −v2
(
2C(3)qq + (C
(1)′
qq − C(3)′qq )
)
xt, (4.5)
Cs1,mix(xc) = −v2
(
2C(3)qq + (C
(1)′
qq − C(3)′qq )
)
xc, (4.6)
Cs1,mix(xt, xc) = v
2
(
2C(3)qq + (C
(1)′
qq − C(3)′qq )
)
xc log
xc
xt
. (4.7)
4.2 Q
(1)
lq , Q
(3)
lq , Qeu, Qlu and Qqe
These four-fermion operators contribute to b→ sl+l− processes via the diagrams shown in
Fig. 3. The contributions are
C9 =
v2
s2θ
(Ceu + Clu − C(1)lq − Cqe)I(xt)−
v2
s2θ
C
(3)
lq I
lq(xt), (4.8)
C10 =
v2
s2θ
(Ceu − Clu + C(1)lq − Cqe)I(xt) +
v2
s2θ
C
(3)
lq I
lq(xt), (4.9)
– 10 –
Figure 3. Diagrams generating contributions to b→ sl+l− from Qeu and Qlu (first two diagrams
only), Q
(1)
lq and Qqe (first three diagrams and similar) and Q
(3)
lq (all four diagrams and similar).
Figure 4. Diagrams generating contributions to b → sl+l− from Q(1)Hl and QHe operators. The
fourth diagram should be taken to include all other Z penguin diagrams (including those with
self-energies on external legs) where these operators affect the Zl+l− vertex.
where
I(xt) =
xt
16
[
− log m
2
W
µ2
+
xt − 7
2(1− xt) −
x2t − 2xt + 4
(1− xt)2 log xt
]
, (4.10)
I lq(xt) =
xt
16
[
− log m
2
W
µ2
+
1− 7xt
2(1− xt) −
x2t − 2xt + 4
(1− xt)2 log xt
]
. (4.11)
Our results for Ceu and Clu are in agreement with Ref. [43].
4.3 Q
(1)
Hl and QHe
These operators produce effects in b→ sl+l− via the diagrams shown in Fig. 4, giving
C9 = −v
2
s2θ
(
C
(1)
Hl + CHe
)
I(xt), (4.12)
C10 =
v2
s2θ
(
C
(1)
Hl − CHe
)
I(xt), (4.13)
where I(xt) is defined in Eqn. (4.10).
4.4 Q
(1)
Hq and QHu
These operators effectively just change the Zu¯iui coupling and hence only enter in the Z
penguin diagrams shown in Fig. 5. The contributions are
C9 = v
2 (1− 4s2θ)
s2θ
(
CHu − C(1)Hq
)
I(xt), (4.14)
C10 =
v2
s2θ
(
CHu − C(1)Hq
)
I(xt), (4.15)
where I(xt) is defined in Eqn. (4.10). The CHu result is in agreement with Ref. [43].
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Figure 5. Diagrams generating contributions to b→ sl+l− from Q(1)Hq and QHu operators.
Figure 6. Diagrams generating contributions to Bs mixing from the Q
(3)
Hq operator. Diagrams
related to these by symmetry, as well as diagrams in which the operator connects to an s quark leg
rather than a b quark leg, should be taken to be included.
Figure 7. Diagrams generating contributions to b→ sl+l− and/or b→ sγ from the Q(3)Hq operator.
Diagrams in which the operator attaches to the b quark leg imply also the existence (and inclusion
in our calculations) of similar diagrams with the operator attached to the s quark leg.
4.5 Q
(3)
Hq
This operator generates contributions to Bs mixing via the diagrams in Fig. 6, and to
b → sγ and b → sl+l− via the diagrams in Fig. 7. There are also contributions to the
chromomagnetic dipole operator via graphs similar to the second and fourth diagrams in
Fig. 7, with a gluon replacing the photon. The Wilson coefficients of the mixing operator
– 12 –
and the (chromo)magnetic dipole operators are simple scalings of the SM result:
Cs1,mix(xt) = 4v
2C
(3)
Hq S0(xt), (4.16)
Cs1,mix(xc) = 4v
2C
(3)
Hq S0(xc), (4.17)
Cs1,mix(xt, xc) = 4v
2C
(3)
Hq S0(xt, xc), (4.18)
C7 = −v2C(3)HqD′0(xt), (4.19)
C8 = −v2C(3)Hq E′0(xt). (4.20)
where
D′0(xt) =
8x3t + 5x
2
t − 7xt
12(xt − 1)3 +
x2t (2− 3xt)
2(1− xt)4 log xt, (4.21)
E′0(xt) =
xt(x
2
t − 5xt − 2)
4(xt − 1)3 +
3
2
x2t
(xt − 1)4 log xt, (4.22)
S0(xt) =
4xt − 11x2t + x3t
4(1− xt)2 −
3x3t
2(1− xt)3 log xt, (4.23)
S0(xc) = xc, (4.24)
S0(xt, xc) = xc
(
log
xt
xc
− 3xt
4(1− xt) −
3x2t
4(1− xt)2 log xt
)
(4.25)
are the usual Inami Lim functions [66]. These results are in agreement with Refs. [37, 39].4
Due to the presence of additional non SM-like diagrams, C9 and C10 contain pieces that
are not just scalings of the SM result:
C9 = 2v
2C
(3)
Hq
(
4s2θ − 1
s2θ
IHq3(xt)− 1
s2θ
B0(xt)−D0(xt)
)
, (4.26)
C10 = 2v
2C
(3)
Hq
1
s2θ
(
B0(xt) + I
Hq3(xt)
)
, (4.27)
where
IHq3(xt) =
xt
32
[
−7 log m
2
W
µ2
+
xt + 33
2(1− xt) −
7x2t − 2xt + 12
(1− xt)2 log xt
]
, (4.28)
and
B0(xt) =
1
4
[
xt
1− xt +
xt
(xt − 1)2 log xt
]
, (4.29)
C0(xt) =
xt
8
[
xt − 6
xt − 1 +
3xt + 2
(xt − 1)2 log xt
]
, (4.30)
D0(xt) = −4
9
log xt +
−19x3t + 25x2t
36(xt − 1)3 +
x2t (5x
2
t − 2xt − 6)
18(xt − 1)4 log xt (4.31)
are again the usual Inami Lim [66] functions.5
4Our results are in fact twice theirs; however this is accounted for by a slight difference in operator
flavour structure. They study an operator containing a b quark (without corresponding contributions for
the first two generations), and hence only half of the charged current vertices of these diagrams can be
affected by the operator; by contrast in our flavour structure all charged current vertices can be affected.
5Note that the functions IHq3(xt), B0(xt), C0(xt) and D0(xt) are individually gauge parameter ξ de-
pendent, and are given here in Feynman gauge. The overall result is of course ξ-independent.
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Figure 8. Diagrams generating contributions to b→ sl+l− and/or b→ sγ from QW (first diagram
only), QHD (second and third diagrams only), and QHWB (all three diagrams). Since the operators
QHD and QHWB affect the Z mass, and QHWB affects the Z and photon couplings by redefining
the Weinberg angle, SM-like penguin diagrams also receive contributions from these operators and
are included in our calculation.
4.6 QW
This operator produces a triple gauge boson vertex with a different Lorentz structure to
those in the SM, and generates contributions to b→ sl+l− and b→ sγ via the first diagram
in Fig. 8. These are
C7 =
3
2
g2v
2CW
(
− x
2
t + xt
2(xt − 1)2 +
x2t
(xt − 1)3 log xt
)
, (4.32)
C9 =
3
2
g2v
2CW
(
3x2t − xt
2(xt − 1)2 −
x3t
(xt − 1)3 log xt
)
. (4.33)
Our result agrees with Ref. [42] (accounting for a difference in normalisation between their
operator O3W and our operator QW ).
4.7 QHWB
This operator redefines the Weinberg angle (and hence enters γ/Z vertices), but also in-
duces new bosonic couplings with a different structure to those in the SM, directly gen-
erating contributions to b → sγ and b → sl+l− via the diagrams in Fig. 8. In total we
get
C7 = −v2CHWB g2
g1
(
8x2t − 7xt + 5
24(1− xt)3 +
xt(x
2
t − xt + 1)
4(1− xt)4 log xt
)
, (4.34)
C9 = v
2CHWB
g2
g1
(
xt(−9x3t + 100x2t − 178xt + 81
18(1− xt)3
+
39x4t − 30x3t − 81x2t + 82xt − 16
18(1− xt)4 log xt
)
. (4.35)
4.8 QHD
The operator QHD enters in the definition of theory parameters, notably mZ and the
Z couplings, due to its correction of the Higgs kinetic term; it also directly generates
contributions to b→ sl+l− via the last two diagrams in Fig. 8. In total, the contributions
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Figure 9. Diagrams generating contributions to b→ sl+l− from the operator Q(3)Hl . The first two
diagrams should be taken to include also similar diagrams with the effective operator attaching to
the l+ line rather than the l− line, while the fourth diagram should be taken to include all other Z
penguin diagrams (including those with self-energies on external legs) where these operators affect
the Zl+l− vertex.
from this operator are
C7 =
1
8
v2
s2θ
CHD(1− s2θ)D′0(xt), (4.36)
C9 =
1
2
v2
s2θ
CHD
[
(1− 4s2θ)I(xt) + (1− s2θ) (D0(xt) + 4C0(xt))
]
, (4.37)
C10 = −1
2
v2
s2θ
CHDI(xt), (4.38)
where D′0(xt), C0(xt) and D0(xt) are the usual Inami Lim functions defined in Eqns. (4.21),
(4.30) and (4.31), and I(xt) has been defined in Eqn. (4.10).
4.9 Q
(3)
Hl and Qll
These operators enter every electroweak process since they are involved in the definition
of GF , which we take as an input parameter. The Q
(3)
Hl operator also generates direct
contributions to the b → sl+l− process, as shown in Fig. 9. As described in Sec. 2, there
are two ways of contracting the lepton doublets within Qll to make a flavour singlet, so
we can define two independent Wilson coefficients, Cll and C
′
ll, within our U(3)
5 invariant
theory, although only C ′ll contributes here. Then the matching results for these operators
are
Cs1,mix(xt) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt), (4.39)
Cs1,mix(xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xc), (4.40)
Cs1,mix(xt, xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt, xc), (4.41)
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C7 =
3
2
v2
(
C
(3)
Hl −
1
2
C ′ll
)
D′0(xt), (4.42)
C8 = v
2
(
C
(3)
Hl −
1
2
C ′ll
)
E′0(xt), (4.43)
C9 = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)(
(1− 4s2θ)
s2θ
C0(xt)− 1
s2θ
B0(xt)−D0(xt)
)
− v
2
s2θ
C
(3)
Hl I
Hl3(xt), (4.44)
C10 = −4v2 1
s2θ
(
C
(3)
Hl −
1
2
C ′ll
)
(B0(xt)− C0(xt)) + v
2
s2θ
C
(3)
Hl I
Hl3(xt), (4.45)
where
IHl3(xt) =
xt
16
[
log
m2W
µ2
+
7xt − 25
2(1− xt) +
x2t − 14xt + 4
(1− xt)2 log xt
]
, (4.46)
and the Inami Lim functions B0(xt), C0(xt), D0(xt), S0(xt), S0(xc), S0(xt, xc), D
′
0(xt) and
E′0(xt) were defined in Eqns. (4.21) – (4.25) and (4.29) – (4.31).
5 Conclusions and outlook
We have calculated here for the first time the full tree and one-loop matching of the
SMEFT in the limit of complete U(3)5 flavour symmetry in the UV onto the operators
of the WET which contribute to down-sector FCNCs. Having these available, it will
now be straightforward to run them to the appropriate experimental scale within the
WET6 and derive the constraints that flavour observables provide on this flavour-symmetric
limit of the SMEFT. In a forthcoming publication, we shall explore these constraints and
compare their sensitivity to those arising from other measurements sensitive to similar sets
of Wilson coefficients, for example electroweak precision observables, including the effects
of operators which are allowed at linear order in the MFV expansion. It is likely that these
calculations will allow the derivation of constraints which lie in directions in parameter
space linearly independent from those that currently exist from global fits to the flavour
symmetric SMEFT.
Ultimately, only a truly global picture of the SMEFT parameter space can give us
meaningful insight into the underlying structure of new physics. If hints of physics beyond
the SM appear in upcoming experiments, an understanding of global constraints on effective
operators will signpost the most promising explanations, while if no deviation from SM
predictions is seen this global picture will allow constraints to be easily placed on as-
yet unimagined new models. The absence of explicit flavour structure is largely required
if new physics is to be accessible at near-future experiments, or is expected to play a
meaningful role in resolving the gauge hierarchy problem; this work provides tools to put
new constraints from flavour observables on these models.
6Anomalous dimensions can be found in Refs. [67, 68]
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A Input parameter dependence of results
As described in Sec. 3, there is a choice to be made in the electroweak input parameters,
which affects the pieces of the result which depend on the resulting dimension-six input
parameter shifts δg1, δg2 and δv. In the main text we have chosen to take the three
measured electroweak input parameters as {mˆW , mˆZ , GˆF }. The purpose of this Appendix is
to clarify which pieces of our results are dependent on this choice, and to provide results for
the alternative input scheme in which {αˆem, mˆZ , GˆF } are the set of measured electroweak
inputs.
In the {mˆW , mˆZ , GˆF } input scheme, the basis shifts are given by [69]
δg1
g1
= v2
((
−C(3)Hl +
1
2
C ′ll
)
− 1
4g21
(g22 + g
2
1)CHD −
g2
g1
CHWB
)
, (A.1)
δg2
g2
= −v2
(
−1
2
C ′ll + C
(3)
Hl
)
, (A.2)
δv
v
= v2
(
−1
2
C ′ll + C
(3)
Hl
)
, (A.3)
while in the
{
αˆem, mˆZ , GˆF
}
input scheme, the basis shifts are defined
δg1
g1
= − g1v
2
(g21 − g22)
(g1
4
CHD + g2CHWB
)
, (A.4)
δg2
g2
=
g2v
2
(g21 − g22)
(g2
4
CHD + g1CHWB
)
, (A.5)
δv
v
= v2
(
−1
2
C ′ll + C
(3)
Hl
)
. (A.6)
For the definitions of hatted parameters in the {αˆem, mˆZ , GˆF } input scheme in terms of the
measured inputs, we refer to Ref. [69]. In order to allow switching between the different
schemes, our results can be written as shift-independent pieces (i.e. pieces that remain
when all three δs are set to zero) plus pieces written in terms of these three δs. We
emphasise that our results in the main text in Sec. 4 are the sum of these pieces, for the
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{mˆW , mˆZ , GˆF } input scheme. The shift-independent pieces and the shift-dependent pieces
of our calculation are separately independent of the gauge parameter ξ, as they must be
since the gauge-invariance of the SMEFT does not rely on the values of the Lagrangian
parameters g¯1, g¯2, and v¯.
In the next subsection, we present the shift-independent pieces (meaning, specifically,
the results you get by performing only steps 1 and 2 of the procedure in Sec. 3) for the
three operators that also appear in the input shifts. Then we present the extra shift-
dependent pieces that should be added to these in the {mˆW , mˆZ , GˆF } scheme (Sec. A.2)
or in the {αˆem, mˆZ , GˆF } scheme (Sec. A.3). Note that the form of the corrections in the
first scheme, chosen for our main results presentation, is notably simpler than that in the
second; this is due to the fact that mW is a fundamental input in the first and a complicated
derived quantity in the second, and mW appears very often throughout these calculations.
A.1 Input shift independent pieces
The only SMEFT Wilson coefficients which appear in both the input shift pieces and the
shift-independent pieces, for the two schemes given above, are C
(3)
Hl , CHD, and CHWB. The
coefficient C ′ll only contributes via input shifts. For all other Wilson coefficients, the results
given in the main text are shift-independent.
A.1.1 Q
(3)
Hl
C9 = −v2C(3)Hl
1
s2θ
xt
16
(
log
m2W
µ2
+
7xt − 25
2(1− xt) +
x2t − 14xt + 4
(1− xt)2 log xt
)
, (A.7)
C10 = v
2C
(3)
Hl
1
s2θ
xt
16
(
log
m2W
µ2
+
7xt − 25
2(1− xt) +
x2t − 14xt + 4
(1− xt)2 log xt
)
. (A.8)
A.1.2 QHD
C9 = −1
2
4s2θ − 1
s2θ
v2CHDI(xt), (A.9)
C10 = −1
2
1
s2θ
v2CHDI(xt), (A.10)
where I(xt) is defined in Eqn. (4.10).
A.1.3 CHWB
C7 = v
2CHWB
g2
g1
(
g21 − g22
g21 + g
2
2
1
4
D′0(xt) + I
HWB
7 (xt)
)
, (A.11)
C9 = v
2CHWB
g2
g1
(
g21 − g22
g21 + g
2
2
(4C0(xt) +D0(xt)) + I
HWB
9 (xt)
)
, (A.12)
where
IHWB7 (xt) = −
xt(8x
2
t − 19xt + 17)
48(1− xt)3 −
xt(2x
2
t − 5xt + 4)
8(1− xt)4 log xt, (A.13)
IHWB9 (xt) =
xt(37x
2
t − 97xt + 54)
36(1− xt)3 +
15x4t − 24x3t − 18x2t + 32xt − 8
18(1− xt)4 log xt, (A.14)
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and C0(xt), D0(xt) and D
′
0(xt) are the usual Inami Lim functions defined in Eqns. (4.30),
(4.31) and (4.21).
A.2 Input shift pieces for {mˆW , mˆZ , GˆF } scheme
Cs1,mix(xt) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt), (A.15)
Cs1,mix(xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xc), (A.16)
Cs1,mix(xt, xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt, xc), (A.17)
C7 = v
2
[
3
2
(
C
(3)
Hl −
1
2
C ′ll
)
+
1
2
g2
g1
c2θCHWB +
1
8
g22
g21
CHD
]
D′0(xt), (A.18)
C8 = v
2
(
C
(3)
Hl −
1
2
C ′ll
)
E′0(xt), (A.19)
C9 = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)(
(1− 4s2θ)
s2θ
C0(xt)− 1
s2θ
B0(xt)−D0(xt)
)
+ v2
(
2
g2
g1
c2θCHWB +
1
2
g22
g21
CHD
)
(D0(xt) + 4C0(xt)) , (A.20)
C10 = −4v2 1
s2θ
(
C
(3)
Hl −
1
2
C ′ll
)
(B0(xt)− C0(xt)) , (A.21)
where B0(xt), C0(xt), D0(xt), D
′
0(xt), E
′
0(xt) S0(xt), S0(xc) and S0(xt, xc) are the usual
Inami Lim functions defined in Eqns. (4.21) – (4.25) and (4.29) – (4.31).
A.3 Input shift pieces for {αˆem, mˆZ , GˆF } scheme
Cs1,mix(xt) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt), (A.22)
Cs1,mix(xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xc), (A.23)
Cs1,mix(xt, xc) = −4v2
(
C
(3)
Hl −
1
2
C ′ll
)
S0(xt, xc), (A.24)
C7 = v
2
(
C
(3)
Hl −
1
2
C ′ll
)[
xt(2x
3
t − 75x2t − 66xt + 67)
72(1− xt)4 −
xt(3x
3
t + 19x
2
t − 6xt − 4)
12(1− xt)5 log xt
]
− g
2
2v
2
(g21 − g22)
(
1
4
CHD +
g1
g2
CHWB
)[
xt(46x
3
t + 57x
2
t − 6xt − 25)
72(1− xt)4
+
xt(21x
3
t − 11x2t + 6xt − 4)
12(1− xt)5 log xt
]
− 1
2
g1g2v
2
(g21 + g
2
2)
CHWBD
′
0(xt), (A.25)
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C8 = v
2
(
C
(3)
Hl −
1
2
C ′ll
)[
−xt(x
3
t − 6x2t − 15xt − 16)
12(1− xt)4 +
xt(2x
2
t + 3xt + 1)
2(1− xt)5 log xt
]
− g
2
2v
2
(g21 − g22)
(
1
4
CHD +
g1
g2
CHWB
)[
xt(2x
3
t − 12x2t − 3xt − 5)
6(1− xt)4 −
xt(5x
2
t + 1)
2(1− xt)5 log xt
]
,
(A.26)
C9 = v
2
(
C
(3)
Hl −
1
2
C ′ll
)[
− 1
s2θ
(
xt(x
2
t − 2xt + 4)
2(1− xt)2 −
3x2t (xt − 3)
4(1− xt)3 log xt
)
+
xt(108x
4
t − 530x3t + 1557x2t − 1908xt + 737)
54(1− xt)4
− 24x
5
t − 126x4t + 123x3t + 35x2t − 54xt + 4
9(1− xt)5 log x
]
+
g22v
2
(g21 − g22)
(
1
4
CHD +
g1
g2
CHWB
)[
xt(54x
4
t − 149x3t + 615x2t − 969xt + 413)
54(1− xt)4
− 27x
5
t − 219x4t + 333x3t − 129x2t + 8xt − 8
18(1− xt)5 log xt
]
+
g22
g21
v2
(
1
4
CHD +
g1
g2
CHWB
)(
3x2t
2(1− xt)2 +
3x2t (1 + xt)
4(1− xt)3 log xt
)
− 2 g1g2v
2
g21 + g
2
2
CHWB (4C0(xt) +D0(xt)) , (A.27)
C10 =
v2
s2θ
(
C
(3)
Hl −
1
2
C ′ll
)[
xt(x
2
t − 2xt + 4)
2(1− xt)2 −
3x2t (xt − 3)
4(1− xt)3 log xt
]
+
1
s2θ
g22v
2
(g21 − g22)
(
1
4
CHD +
g1
g2
CHWB
)[
3x2t
2(1− xt)2 +
3x2t (xt + 1)
4(1− xt)3 log xt
]
, (A.28)
where B0(xt), C0(xt), D0(xt), D
′
0(xt), E
′
0(xt), S0(xt), S0(xc) and S0(xt, xc) are the usual
Inami Lim functions defined in Eqns. (4.21) – (4.25) and (4.29) – (4.31).
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1 : X3
QG f
ABCGAνµ G
Bρ
ν G
Cµ
ρ
QG˜ f
ABCG˜Aνµ G
Bρ
ν G
Cµ
ρ
QW 
IJKW Iνµ W
Jρ
ν W
Kµ
ρ
Q
W˜
IJKW˜ Iνµ W
Jρ
ν W
Kµ
ρ
2 : H6
QH (H
†H)3
3 : H4D2
QH (H†H)(H†H)
QHD
(
H†DµH
)∗ (
H†DµH
)
5 : ψ2H3 + h.c.
QeH (H
†H)(l¯perH)
QuH (H
†H)(q¯purH˜)
QdH (H
†H)(q¯pdrH)
4 : X2H2
QHG H
†H GAµνG
Aµν
QHG˜ H
†H G˜AµνG
Aµν
QHW H
†HW IµνW
Iµν
Q
HW˜
H†H W˜ IµνW
Iµν
QHB H
†H BµνBµν
QHB˜ H
†H B˜µνBµν
QHWB H
†τ IHW IµνB
µν
Q
HW˜B
H†τ IH W˜ IµνB
µν
6 : ψ2XH + h.c.
QeW (l¯pσ
µνer)τ
IHW Iµν
QeB (l¯pσ
µνer)HBµν
QuG (q¯pσ
µνTAur)H˜ G
A
µν
QuW (q¯pσ
µνur)τ
IH˜ W Iµν
QuB (q¯pσ
µνur)H˜ Bµν
QdG (q¯pσ
µνTAdr)H G
A
µν
QdW (q¯pσ
µνdr)τ
IHW Iµν
QdB (q¯pσ
µνdr)H Bµν
7 : ψ2H2D
Q
(1)
Hl (H
†i
←→
D µH)(l¯pγ
µlr)
Q
(3)
Hl (H
†i
←→
D IµH)(l¯pτ
Iγµlr)
QHe (H
†i
←→
D µH)(e¯pγ
µer)
Q
(1)
Hq (H
†i
←→
D µH)(q¯pγ
µqr)
Q
(3)
Hq (H
†i
←→
D IµH)(q¯pτ
Iγµqr)
QHu (H
†i
←→
D µH)(u¯pγ
µur)
QHd (H
†i
←→
D µH)(d¯pγ
µdr)
QHud + h.c. i(H˜
†DµH)(u¯pγµdr)
8 : (L¯L)(L¯L)
Q`` (l¯pγµlr)(l¯sγ
µlt)
Q
(1)
qq (q¯pγµqr)(q¯sγ
µqt)
Q
(3)
qq (q¯pγµτ
Iqr)(q¯sγ
µτ Iqt)
Q
(1)
`q (l¯pγµlr)(q¯sγ
µqt)
Q
(3)
`q (l¯pγµτ
I lr)(q¯sγ
µτ Iqt)
8 : (R¯R)(R¯R)
Qee (e¯pγµer)(e¯sγ
µet)
Quu (u¯pγµur)(u¯sγ
µut)
Qdd (d¯pγµdr)(d¯sγ
µdt)
Qeu (e¯pγµer)(u¯sγ
µut)
Qed (e¯pγµer)(d¯sγ
µdt)
Q
(1)
ud (u¯pγµur)(d¯sγ
µdt)
Q
(8)
ud (u¯pγµT
Aur)(d¯sγ
µTAdt)
8 : (L¯L)(R¯R)
Qle (l¯pγµlr)(e¯sγ
µet)
Qlu (l¯pγµlr)(u¯sγ
µut)
Qld (l¯pγµlr)(d¯sγ
µdt)
Qqe (q¯pγµqr)(e¯sγ
µet)
Q
(1)
qu (q¯pγµqr)(u¯sγ
µut)
Q
(8)
qu (q¯pγµT
Aqr)(u¯sγ
µTAut)
Q
(1)
qd (q¯pγµqr)(d¯sγ
µdt)
Q
(8)
qd (q¯pγµT
Aqr)(d¯sγ
µTAdt)
8 : (L¯R)(R¯L) + h.c.
Qledq (l¯
j
per)(d¯sqtj)
8 : (L¯R)(L¯R) + h.c.
Q
(1)
quqd (q¯
j
pur)jk(q¯
k
sdt)
Q
(8)
quqd (q¯
j
pT
Aur)jk(q¯
k
sT
Adt)
Q
(1)
lequ (l¯
j
per)jk(q¯
k
sut)
Q
(3)
lequ (l¯
j
pσµνer)jk(q¯
k
sσ
µνut)
Table 3. The independent dimension-six operators built from Standard Model fields which
conserve baryon number, as given in Ref. [9]. The flavour labels p, r, s, t on the Q operators are
suppressed on the left hand side of the tables.
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